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Abstract. We have compiled a relatively extensive catalogue
of geomagnetic declination measurements performed by the
Portuguese Bento Sanches Dorta in Rio de Janeiro (Brazil)
between 1781 and 1788. All the information was retrieved
from printed documents compiled in the first three volumes
of the Memories of the Portuguese Royal Academy of Sci-
ences. During this period Sanches Dorta performed roughly
20 000 individual observations, however, only a fraction of
this data is presently available. In this work, all available in-
formation about these measurements is analysed. The annual
change (variability and trend) and the daily cycle of geomag-
netic declination at monthly scale are discussed.
Keywords. Geomagnetism and paleomagnetism, History of
geophysics, Geomagnetic field declination
1 Introduction
At the end of the 18th century, the invention of the sus-
pended magnet or torsion balance by Coulomb and Cassini,
and Poggendorf’s variometer, based on the mirror-and-scale
method, allowed the geomagnetic measurements to be per-
formed more accurately. The study of the geomagnetic field
was fostered in the early 19th century, after the additional
impulse triggered by recent discoveries, in particular, the dis-
covery of the electromagnetic interaction demonstrated by
H. C. Oersted, Faraday and Ampe`re. Finally, in 1839 Gauss
published his seminal work that allows for the separation
of the magnetic fields into its internal and external sources
through the use of spherical harmonical analysis (Gauss,
1839; Jackson et al., 2000). As a consequence, a consider-
able number of geomagnetic observatories were set in many
countries, mostly European, partially owing to the influence
of Alexander von Humboldt (Malin and Barraclough, 1991).
The greatest difficulty in studying long-term changes in
the magnetic field of our planet arises from the lack of
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reliable long time series. Since the early European voy-
ages around the globe (16th century), the Earth’s magnetic
field was being constantly monitored (Jackson et al., 2000;
Jonkers et al., 2003). However, these observations corre-
sponded mostly to on board measurements, i.e. relentlessly
moving platforms (Jonkers et al., 2003). Long time series
of direct observations provide useful information, which is
intermediate between the actual magnetic observatories and
archaeomagnetic and paleomagnetic data. Long-term time
series of geomagnetic measurements are available from Paris
(Alexandrescu et al., 1996), London (Malin and Bullard,
1981), Rome (Cafarella et al., 1992) and Edinburgh (Barr-
aclough, 1995).
Bento Sanches Dorta was a royal astronomer for the Por-
tuguese kingdom, who performed frequent meteorological
and astronomical observations (Carvalho, 1985), for a pe-
riod that spanned between 1781 and 1788, in Rio de Janeiro
(Brazil, a Portuguese colony at the time). He performed
an enormous amount of geomagnetic declination observa-
tions (≈20 000) during this 8-year period, with an average
rate of more than 7 observations per day. Unfortunately, his
manuscripts with the individual observations have not been
located and the available sources of his data are solely the
papers published in the Memorias da Academia Real das Sci-
encias de Lisboa (Sanches Dorta 1797, 1799a, 1799b, 1812a,
1812b, 1812c). As a member of the Portuguese Academy
of Sciences he was particularly careful with his observations
(both astronomical and meteorological), a fact that has en-
abled the authors to use some of his data on a solar eclipse
for reconstruction of solar activity (Vaquero et al., 2005).
Within this context the main objective of this work is to
present the geomagnetic declination data, instrument and
methods employed by Bento Sanches Dorta in Rio de Janeiro
between 1781 and 1788. Moreover, a preliminary analysis of
the data is presented with the aim of characterizing the ob-
served trend of geomagnetic declination and detecting peri-
odicities by means of wavelet analysis.
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Table 1. Temporal availability of the Sanches Dorta geomagnetic data, on a year by year basis, between 1781 and 1788.
Year Time-scale Type Lost data
1781 Monthly Mean, Maxima, Minima January, February, March and April
1782 Monthly 6 h, 8 h, 10 h, 12 h, 14 h, 16 h, 18 h April
Mean, Maxima, Minima
1783 Monthly 6 h, 8 h, 10 h, 12 h, 14 h, 16 h, 18 h April, May, June and December
Mean, Maxima, Minima
1784 Monthly 6 h, 8 h, 10 h, 12 h, 14 h, 16 h, 18 h January
Mean, Maxima, Minima
1785 Monthly 6 h, 8 h, 10 h, 12 h, 14 h, 16 h, 18 h, 20 h No
Mean, Maxima, Minima
Daily Daily Mean No
1786 Monthly 6 h, 8 h, 10 h, 12 h, 14 h, 16 h, 18 h, 20 h No
Mean, Maxima, Minima
Daily Daily Mean No
1787 Monthly 6 h, 8 h, 10 h, 12 h, 14 h, 16 h, 18 h, 20 h No
Mean, Maxima, Minima
Daily Daily Mean January: 7, 9, 16–23.
February: 4–6, 19–20.
March: 12, 18, 24.
April: 2, 7–9, 20–21, 28.
May: 6, 12, 19, 25–31.
June: 1–2, 16, 22–24.
July: 6–7, 21–22, 25–28.
August: 4, 9–11, 14, 16, 23.
September: 2, 7–10, 16–17, 22, 29.
October: 5–6, 13.
1788 Monthly 6 h, 8 h, 10 h, 12 h, 14 h, 16 h, 18 h, 20 h No
Mean, Maxima, Minima
Daily Morning, noon, evening No
2 Instrument and method
The simplest method for measuring declination and inclina-
tion is based on the fact that a freely suspended magnetized
needle becomes oriented in the direction of the ambient geo-
magnetic field. Sanches Dorta used a fairly simple compass
to perform his observations of declination. Fortunately, in
his papers for the Academia de Sciencias he describes his in-
strument with a considerable number of details. In one of
his descriptions Dorta states: “The magnetic needle I use
to observe horizontal variations has a rectangular shape 6
inches long, 2 lines wide and 1/2 line thick, with an agate
collar and the total weight of 3 oitavas and 30 gra˜os [sic], and
was constructed in England by G. Adams” (Sanches Dorta,
1812a, 77). Oitavas and gra˜os are rare ancient units used
mostly in Brazil at the time, where 1 oitava=3.586 g and
1 gra˜o=0.04981 g; therefore, the total weight of the compass
was about 12 g. Despite the simplicity of measurements per-
formed by Sanches Dorta we should stress that he was using
an instrument produced by G. Adams, one of the best preci-
sion instrument craftsman at that time.
Concerning the measuring methodology we know that
Sanches Dorta performed his observations with great regu-
larity at fixed hours, namely at 6 h, 8 h, 10 h, 12 h, 14 h, 16 h,
18 h for the entire period and, since 1785, also at 20 h. In or-
der to be sure concerning the orientation of the geographical
north, he states that “I drew the meridian line here in the very
same room where I perform my declination measurements
with the compass” (Sanches Dorta, 1797, 346). Naturally,
we are unable to compute the average error associated with
declination measurements by Sanches Dorta. Alexandrescu
et al. (1996) indicated, that in using the La Hire compass (be-
fore 1777) reading to a precision better than 10 arc min could
hardly be expected and it is assumed that measurement to
a precision of 5 arc min was possible using the le Monnier
compass (after 1777). Nevertheless, taking into account the
experience and dedication of Sanches Dorta we believe that
his precision should be on the order of 10 arc min.
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Table 2. Monthly average values (mean, maxima and minima) of geomagnetic declination in Rio de Janeiro between May 1781 and May
1788. All values in degrees.
Year Month Geomagnetic declination Year Month Geomagnetic declination
mean maxima minima mean maxima Minima
1781
January
1785
January 6.56 6.68 6.33
February February 6.57 6.68 6.45
March March 6.60 6.70 6.47
April April 6.55 6.63 6.35
May 6.72 6.75 6.70 May 6.58 6.73 6.42
June 7.01 7.46 6.72 June 6.54 6.65 6.33
July 6.91 7.17 6.70 July 6.57 6.72 6.43
August 6.67 6.81 6.52 August 6.55 6.67 6.44
September 6.50 6.65 6.25 September 6.57 6.75 6.43
October 6.51 6.81 6.16 October 6.57 6.70 6.42
November 6.51 6.73 6.30 November 6.58 6.75 6.47
December 6.67 7.42 6.33 December 6.58 6.77 6.35
1782
January 6.64 7.00 6.32
1786
January 6.55 6.70 6.33
February 6.80 7.14 6.38 February 6.53 6.83 6.32
March 6.88 7.27 6.22 March 6.46 6.65 6.25
April April 6.46 6.60 6.32
May 6.52 6.76 6.23 May 6.47 6.65 6.28
June 6.61 6.83 6.38 June 6.50 6.62 6.25
July 6.57 6.85 6.32 July 6.52 6.60 6.33
August 6.61 6.84 6.40 August 6.48 6.63 6.25
September 6.61 6.82 6.39 September 6.39 6.77 6.15
October 6.65 6.88 6.48 October 6.51 6.68 6.35
November 6.66 6.90 6.43 November 6.46 6.62 6.30
December 6.68 6.91 6.33 December 6.44 6.53 6.33
1783
January 6.68 6.90 6.38
1787
January 6.44 6.55 6.32
February 6.64 6.94 6.43 February 6.44 6.55 6.27
March 6.60 6.78 6.39 March 6.49 6.73 6.18
April April 6.43 6.55 6.32
May May 6.38 6.48 6.27
June June 6.38 6.47 6.28
July 6.61 6.80 6.31 July 6.40 6.63 6.32
August 6.60 6.79 6.32 August 6.34 6.45 6.23
September 6.66 6.88 6.33 September 6.35 6.55 6.25
October 6.66 7.10 6.45 October 6.37 6.60 6.20
November 6.62 6.77 6.43 November 6.37 6.58 6.27
December December 6.37 6.60 6.30
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Table 2. Continued.
Year Month Geomagnetic declination Year Month Geomagnetic declination
mean maxima minima mean maxima Minima
1784
January
1788
January 6.35 6.55 6.18
February 6.64 6.92 6.42 February 6.39 6.63 6.28
March 6.61 6.95 6.45 March 6.44 6.60 6.32
April 6.64 6.87 6.48 April 6.40 6.52 6.28
May 6.67 6.87 6.57 May 6.36 6.63 6.10
June 6.70 6.92 6.55 June
July 6.66 6.87 6.51 July
August 6.59 6.72 6.45 August
September 6.66 6.80 6.55 September
October 6.61 6.77 6.38 October
November 6.56 6.65 6.43 November
December 6.62 6.77 6.52 December
3 Data
Despite the large quantity of individual observations per-
formed by Sanches Dorta only a relatively small subset of
aggregated data has remained to the present time. Table 1
shows the details on the availability of data measured by
Sanches Dorta, and registered in his articles to the Memorias
da Academia Real das Sciencias de Lisboa (Sanches Dorta
1797, 1799a, 1799b, 1812a, 1812b, 1812c). Table 2 shows
the monthly values for the mean, maxima and minima geo-
magnetic declination between 1781 and 1788.
The most poorly covered epoch corresponds to the initial
year of 1781, where only the mean, maximum and minimum
values are available and moreover, the first 4 months of data
are missing. Between 1782 and 1784 there are monthly aver-
aged values of mean, maximum, minimum and also monthly
averaged 7-hourly measurements. The only missing data cor-
responds to the months of April, May, June and December
1783. Afterwards, the number of records between 1785 and
May 1788 increases considerably, due to the availability of
one daily measurement (daily average) for the years 1785–
1787 and, additionally, three daily values (morning, noon and
evening) for the 5 months of 1788. A few gaps appear for the
year of 1787. In June 1788 Sanches Dorta moved to the city
of Sa˜o Paulo where he did not perform more geomagnetic
measurements, most probably due to the lack of an appro-
priate compass. In fact, he maintained his meteorological
readings.
Figure 1 shows the variability of Sanches Dorta’s geomag-
netic declination for Rio de Janeiro. At the monthly scale it
is possible to observe large oscillations during 1781 which
casts a suspicion on the quality of data for this year. The
other striking feature corresponds to the large “jump” in val-
ues during the year of 1786 (Fig. 1a). However, it is at the
daily scale that the full scale of this jump is more notorious
and can be pinpointed to 28 September 1786 (Fig. 1b). Nat-
urally, such large changes did not pass unnoticed to a trained
observer, such as Sanches Dorta. In fact, on this occasion,
he has written “suddenly, there has been an excessive change
since the 28th of September until today. What could be the
cause for these changes?” (Sanches Dorta, 1812a, 78).
4 Correction, annual trend and daily evolution
We have adjusted two linear regression lines to both branches
of daily data, thus obtaining two regression lines with sim-
ilar downward slopes. In fact, these slopes are so similar
that we believe there might be a systematic error after 28
September 1786. The cause of this systematic error is un-
known. Nevertheless, we believe that this systematic error
can be partially offset by performing a simple linear correc-
tion to the data after the identified breaking point (simply by
removing the constant value of 539 arc s). Results obtained
after removing the constant can be visualised in Figs. 1c and
1d. A linear fit of the daily data indicates a variation of
−0.074±0.001 deg/year, where we have used the standard
error of the coefficient of linear fit as an estimation of the
annual variation error.
At the latitude of Rio de Janeiro, the typical peak-to-peak
amplitude of the regular daily variation of geomagnetic dec-
lination is on the order of 4 min of arc (Udı´as and Mezcua,
1997). Naturally, this is just an average value that can change
considerably, and is influenced by the lunar, annual and solar
cycles.
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Figure 1. Original measurements of geomagnetic declination performed by Sanches Dorta at 
the (a) monthly and (b) daily scales and after the correction at (c) monthly and (d) daily 
scales. 
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Figure 1. Original measurements of geomagnetic declination performed by Sanches Dorta at 
the (a) monthly and (b) daily scales and after the correction at (c) monthly and (d) daily 
scales. 
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Figure 1. Original measurements of geomagnetic declination performed by Sanches Dorta at 
the (a) monthly and (b) daily scales and after the correction at (c) monthly and (d) daily 
scales. 
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Figure 1. Original measurements of geomagnetic declination performed by Sanches Dorta t 
the (a) monthly and (b) daily scales and after the correction at (c) monthly and (d) daily 
scales. 
 
Fig. 1. Original measurements of geomagnetic declination performed by Sanches Dorta at the (a) monthly and (b) daily scales and after the
correction at (c) monthly and (d) daily scales.
 15
 
 
 
Figure 2. Monthly average deviations of hourly data (see text for details). Deviations 
computed. Data at 20h between 1783 and 1785 is missing (black stripe). Data for December 
1783 and January 1784 was interpolated. All units in minutes of arc. 
 
Fig. 2. Monthly average deviations of hourly data (see text for details). Data at 20 h between 1783 and 1785 is missing (black stripe). Data
for December 1783 and January 1784 was interpolated. All units in minutes of arc.
Without the original dail d ta from Sanches Dorta we had
to restrict our analysis of the daily cycle variability solely to
monthly av rages recorded for even hours of the day (6 h,
8 h, 10 h, 12 h, 14 h, 16 h, 18 h and 20 h). For each individual
month between July 1783 and May 1788 (i.e. 59 months)
we have computed a mon hly grand average, by a eraging
the available 7 (or 8) hourly average measurements. Then,
we computed the deviation of each hourly average valu
from that grand average, obtaining a long time series of 454
anomalous (or deviation) values. Data for December 1783
1886 J. M. Vaquero and R. M. Trigo: The Rio de Janeiro magnetic observations 1781–1788
 16
 
 
                                                      (a)                                                                      (b) 
 
Figure 3. (a) The wavelet power spectrum of the deviations of geomagnetic declination at 14 
hours between February 1784 and May 1788. The contour levels are chosen so that 75%, 
50%, 25%, and 5% of the wavelet power is above each level, respectively. The cross-hatched 
region is the cone of influence, where zero padding has reduced the variance. Black contour is 
the 5% significance level, using a red-noise background spectrum. (b) The global wavelet 
power spectrum (black line). The dashed line is the significance for the global wavelet 
spectrum, assuming the same significance level and background spectrum as in (b). 
 
 
 
Fig. 3. (a) The wavelet power spectrum of the deviations of geomagnetic declination at 14 h between February 1784 and May 1788. The
contour levels are chosen so that 75%, 50%, 25%, and 5% of the wavelet power is above each level, respectively. The cross-hatched region is
the cone of influence, where zero padding has reduced the variance. Black contour is the 5% significance level, using a red-noise background
spectrum. (b) The global wavelet power spectrum (black line). The dashed line is the significance for the global wavelet spectrum, assuming
the same significance level and background spectrum as in (b).
and January 1784 were missing and were interpolated. We
should stress that this new data set has no decadal trend
and, therefore, the averaged daily cycle can be visualized ex-
plicitly (Fig. 2). I particular, it is possible to se that th
maximum declination deviation is usually observed around
14 h, while the minimum ought to occur close to the early
morning observation of 6 h. These results are in good agree-
ment with the deviations expected for the average daily cycle
at these latitudes (Udı´as and Mezcua, 1997). If one concen-
trates on the mid-afternoon hours, an annual cycle does seem
to be present. Therefore, we applied a wavelet analysis (us-
ing a morlet mother wavelet) to the 14-h monthly deviation
data (Fig. 3). We have restricted this particular analysis to
the period that spans between February 1784 and May 1788,
in order to avoid spurious results due to the interpolation pro-
cess. The most important result corresponds to the existence
of an annual cycle throughout the entire period. This annual
cycle is statistically significant at the 5% level, after the ap-
plication of a red-noise background spectrum (Torrence and
Compo, 1998). Other apparent cycles, namely a semiannual
periodicity are not statistically significant.
5 Conclusions
Since the 16th century, the Earth’s magnetic field has been
constantly monitored by European navigators crossing the
Oceans (Jackson et al., 2000; Jonkers et al., 2003). How-
ever, despite the large number of declination and inclination
measurements obtained by ships, the non-stationary nature of
these observations hampers the possibility of deriving long
time series characteristic of a particular site. A comprehen-
sive survey of historical geomagnetic measurements around
the globe reveals that systematic observations ov r land-
masses started overwhelmingly well into the 19th century.
Therefore, any prolonged period with observations prior to
this date might be relevant to validate models of historical
global geomagnetic activity for the 18th century (Jackson et
al., 2000; Jonkers et al., 2003), thus the added value of as-
sessing a new 8-year-long period of observations at Rio de
Janeiro (Brazil). During this period, that spanned between
1781–1788, the Portuguese scientist Bento Sanches Dorta
performed roughly 20 000 individual observations. Despite
the unavailability of his original data set we were able to lo-
cate documents with an important subset of these observa-
tions.
After identifying an obvious bias error in September
1786 we removed it and the corrected geomagnetic dec-
lination time series presents a more consistent aspect.
The long-term trend observed for the entire period is
−0.074±0.001 deg/year. The Global Geomagnetic Model
from the British Geological Survey (Barraclough, 1974,
1982) provides a value of −0.094 deg/year while the more
recent model gufm1 (Jackson et al., 2000) predicts a trend of
−0.08 deg/year, a value considerably closer to the observed
trend. The use of monthly averaged hourly data for the en-
tire 8-year-long period reveals a nice daily cycle with devia-
tion magnitude compatible with those described in literature
(±4 arc min) for that latitude.
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Many time series in Earth sciences are not stationary, with
potential significant changes in time of major periodicities
(Torrence and Compo, 1998). Therefore, the application of
standard power spectrum techniques (such as the Fast Fourier
Transform) might not be the most indicated method. The
application of a wavelet analysis allows for a robust assess-
ment of any statistically significant periodicity, either for
the entire time series or for smaller sections. The only ro-
bust frequency that is consistently present is the annual one.
Therefore, other frequencies usually described in literature,
namely the solar, the semi-annual and lunar were not dis-
cernible. The lunar frequency would be impossible to detect
with monthly average data, however, the original daily data
recorded by Sanches Dorta could be used for such a purpose.
On the contrary, the semi-annual cycle is partially present in
Fig. 3, however, it does not reach the required significance
level. The solar cycle is impossible to detect with only 8
years of data.
Finally, we would like to stress that the entire data set will
be available shortly at an appropriate site and can be obtained
directly from the authors upon request.
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